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1
BIPOLAR JUNCTION TRANSISTOR AND
OPERATING AND MANUFACTURING
METHOD FOR THE SAME

This application claims the benefit of a provisional appli-
cation Ser. No. 61/778,613, filed Mar. 13, 2013, the subject
matter of which is incorporated herein by reference.

BACKGROUND

1. Technical Field

The disclosure relates to a semiconductor device and oper-
ating and manufacturing methods for the same, and more
particularly to a bipolar junction transistor and operating and
manufacturing methods for the same

2. Description of the Related Art

In a semiconductor bipolar junction transistor (BJT)
device, by controlling the voltages applied to its base and
collector terminals, the device may operate in a forward-
active mode. Taking an NPN-type BJT device as an example,
i.e., a BJT device with a P-type base region and N-type
collector and emitter regions, in operation, a positive voltage
VBE and a positive voltage VCE higher than VBE may be
applied to the base terminals and the collector terminals,
respectively. The emitter-base junction may be therefore for-
ward-biased and the base-collector junction may be therefore
reverse-biased, and a base current IB and a collector current
IC which by definition is f times the base current IB may be
induced. The BJT device may therefore serve as a current
amplifier with a current gain or beta gain f3.

SUMMARY

According to one aspect of the present disclosure, a bipolar
junction transistor is provided. The bipolar junction transistor
comprises a first doped region, a second doped region and a
third doped region. The first doped region has a first type
conductivity. The second doped region comprises well
regions formed in the first doped region, having a second type
conductivity opposite to the first type conductivity, and sepa-
rated from each other by the first doped region. The third
doped region has the first type conductivity. The third doped
region is formed in the well regions or in the first doped region
between the well regions.

According to another aspect of the present disclosure, an
operating method for a bipolar junction transistor is provided.
The bipolar junction transistor comprises a first doped region,
a second doped region and a third doped region. The first
doped region has a first type conductivity. The second doped
region comprises well regions formed in the first doped
region. The well regions have a second type conductivity
opposite to the first type conductivity. The well regions are
separated from each other by the first doped region. The third
doped region has the first type conductivity. The third doped
region is formed in the well regions or in the first doped region
between the well regions. The operating method comprises
following steps. A collector voltage is provided to the first
doped region. A base voltage is provided to the second doped
region. An emitter voltage is provided to the third doped
region.

According to yet another aspect of the present disclosure, a
manufacturing method for a bipolar junction transistor is
provided. The method comprises following steps. Well
regions of a second doped region are formed in a first doped
region. The first doped region has a first type conductivity.
The well regions have a second type conductivity opposite to
the first type conductivity. The well regions are separated
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from each other by the first doped region. A third doped
region having the first type conductivity is formed in the well
regions or the first doped region between the well regions.

The above and other aspects of the disclosure will become
better understood with regard to the following detailed
description of the non-limiting embodiment(s). The follow-
ing description is made with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a top view of the bipolar junction tran-
sistor according to one embodiment.

FIG. 1B is a cross-section view of the bipolar junction
transistor along BB line in FIG. 1A.

FIG. 1C is a cross-section view of the bipolar junction
transistor along CC line in FIG. 1A.

FIG. 2A illustrates a top view of the bipolar junction tran-
sistor according to one embodiment.

FIG. 2B is a cross-section view of the bipolar junction
transistor along BB line in FIG. 2A.

FIG. 2C is a cross-section view of the bipolar junction
transistor along CC line in FIG. 2A.

FIG. 3A illustrates a top view of the bipolar junction tran-
sistor according to one embodiment.

FIG. 3B is a cross-section view of the bipolar junction
transistor along BB line in FIG. 3A.

FIG. 3C is a cross-section view of the bipolar junction
transistor along CC line in FIG. 3A.

FIG. 4A illustrates a top view of the bipolar junction tran-
sistor according to one embodiment.

FIG. 4B is a cross-section view of the bipolar junction
transistor along BB line in FIG. 4A.

FIG. 4C is a cross-section view of the bipolar junction
transistor along CC line in FIG. 4A.

FIG. 5A illustrates a top view of the bipolar junction tran-
sistor according to one embodiment.

FIG. 5B is a cross-section view of the bipolar junction
transistor along BB line in FIG. 5A.

FIG. 5C is a cross-section view of the bipolar junction
transistor along CC line in FIG. 5A.

FIG. 6A illustrates a cross-section view of the bipolar
junction transistor according to one embodiment.

FIG. 6B illustrates a cross-section view of the bipolar junc-
tion transistor according to one embodiment.

FIG. 7 shows electrical curves of the bipolar junction tran-
sistor according to one embodiment.

FIG. 8 shows electrical curves of the bipolar junction tran-
sistor according to one embodiment.

DETAILED DESCRIPTION

FIG. 1A illustrates a top view of a bipolar junction transis-
tor (BJT) according to one embodiment. FIG. 1B is a cross-
section view of the bipolar junction transistor along BB line.
FIG. 1C is a cross-section view of the bipolar junction tran-
sistor along CC line.

Referring to FIG. 1B, a first doped region 102 comprises a
well region 104 and a contact region 106. The well region 104
and the contact region 106 have a first type conductivity such
as N-type conductivity. The well region 104 is on a substrate
108. The substrate 108 having a second type conductivity
such as P-type conductivity, opposite to the first type conduc-
tivity. In one embodiment, the well region 104 may be formed
by doping the substrate 108. In other embodiments, the well
region 104 may be formed on the substrate 108 by a growth
method, adeposition method, etc. The well region 104 may be
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a HV well region. The well region 104 and the substrate 108
may comprise a semiconductor material such as silicon or
other suitable materials. The substrate 108 may comprise a
SOI. The contact region 106 may be formed by doping the
well region 104. In embodiments, the contact region 106 may
be a heavily doped region.

Referring to FIG. 1B, a second doped region 110 comprises
well regions 112, 114, 116. The well regions 112, 114, 116
have a second type conductivity such as P-type conductivity.
The well regions 112, 114, 116 may be formed by doping the
well region 104 of the first doped region 102. The well regions
112, 114, 116 may be formed by an epitaxial method. The
well regions 112, 114, 116 of the second doped region 110
may be separated from each other by the well region 104 of
the first doped region 102. The second doped region 110
comprises a contact region 118 having the second type con-
ductivity such as P-type conductivity. The contact region 118
may be formed by doping the well region 112, and may be a
heavily doped region.

Referring to FIG. 1B, a third doped region 120 comprises
a contact region 122. The contact region 122 has the first type
conductivity such as N-type conductivity. The contact region
122 may be formed by a method comprising doping the well
regions 114, 116 of the second doped region 110 and doping
the well region 104 of the first doped region 102 between the
well region 114 and the well region 116. The contact region
122 may be a heavily doped region.

Referring to FIG. 1B, a first top doped layer 124 having the
second type conductivity is on the well region 104 of the first
doped region 102 having the first type conductivity. The first
top doped layer 124 may be formed by doping the well region
104. A second top doped layer 126 having the first type
conductivity is on the first top doped layer 124. The second
top doped layer 126 may be formed by doping the first top
doped layer 124. A dielectric structure 128 is formed on the
second top doped layer 126. The dielectric structure 128 is not
limited to FOX as shown in FIGS. 1B and 1C, and may
comprise other suitable dielectric structures such as STI, etc.
A conductive structure 130 is formed on the dielectric struc-
ture 128. In one embodiment, the conductive structure 130
comprises poly silicon, for example, formed by a single poly
process or a double poly process.

The cross-section view of the bipolar junction transistor in
FIG. 1C s different form the cross-section view of the bipolar
junction transistor in FIG. 1B in that, FIG. 1C omits the first
top doped layer 124 and the second top doped layer 126 in
FIG. 1B. FIG. 1A is a top view illustrating only partial ele-
ments of the bipolar junction transistor, comprising: the con-
tact region 106 of the first doped region 102; the well regions
112, 114, 116 and the contact region 118 of the second doped
region 110; the contact region 122 of the third doped region
120; and the second top doped layer 126. The bipolar junction
transistor is not limited to circle arrangement as shown in
FIG. 1A, and may be designed into a structure having square,
rectangle, hexagonal, octagonal shapes, or other kinds of
shapes.

FIG. 2A to FIG. 2C respectively illustrate the bipolar junc-
tion transistor of FIG. 1A to FIG. 1C after diffusing the well
regions 112, 114, 116 of the second doped region 110. The
step of diftfusing the well regions 112, 114, 116 is for forming
connecting regions 132 of the second doped region 110. The
connecting region 132 under the contact region 122 of the
third doped region 120 is adjoined between the well region
114 and the well region 116, and has the second type conduc-
tivity. Lower surfaces of the well regions 114, 116 are under
lower surfaces of the connecting regions 132. The well
regions 112,114, 116 of the second doped region 110 may be
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diffused by a method comprising an annealing step. The
annealing step may be performed at suitable timing. For
example, the annealing step may be performed before or after
forming the contact region 118 of the second doped region
110 and forming the contact region 122 of the third doped
region 120.

Referring to FIG. 2B, in one embodiment, for example, the
first doped region 102 of the bipolar junction transistor may
be electrically connected to a collector voltage 134 through
the contact region 106. The second doped region 110 may be
electrically connected to a base voltage 136 through the con-
tact region 118. The third doped region 120 may be clectri-
cally connected to a emitter voltage 138 through the contact
region 122. In other words, the first doped region 102 com-
prising the well region 104 and the contact region 106 having
the first type conductivity such as N-type conductivity is
functioned as a collector. The second doped region 110 com-
prising the well regions 112, 114, 116, the connecting regions
132 and the contact region 118 having the second type con-
ductivity such as P-type conductivity is functioned as a base.
The third doped region 120 comprising the contact region 122
having the first type conductivity such as N-type conductivity
is functioned as an emitter. The conductive structure 130 may
be electrically connected to a structure voltage. In one
embodiment, the structure voltage is coupled to the base
voltage 136.

Referring to FIG. 2B, in embodiments, the well regions
112, 114, 116 after being diffused and the connecting regions
132 formed by the diffusion have a dopant concentration
lower than a dopant concentration of the well regions 112,
114, 116 before being diffused, and it can improve the com-
mon-emitter current gain (Beta; ) of the bipolar junction
transistor. In addition, the formed connecting regions 132 can
have tiny features such as a shallow depth or a narrow width,
and it can increase the base resistance and improve the Beta f3.
Thus, in other words, in embodiments, the connecting regions
132 may be adjusting for controlling the Beta 5 of the bipolar
junction transistor, by adjusting the conditions of the well
regions 112,114,116 of the second doped region 110, such as
adjusting the gap size between the well regions 112, 114,116,
or adjusting the process (such as the annealing process)
parameters for diffusing the well regions 112, 114, 116.

Moreover, the first top doped layer 124 and the second top
doped layer 126 using the reduced surface field (RESURF)
concept and formed in the well region 104 (drift region) under
the dielectric structure 128 can be used for increasing the
breakdown voltage of the high voltage bipolar junction tran-
sistor (HVBIT). The conductive structure 130 disposed on the
dielectric structure 128 between the (collector) contact region
106 and the (base) contact region 118 can be used for increas-
ing the junction breakdown voltage of the bipolar junction
transistor. In one embodiment, the device feature and the
operating voltage of the bipolar junction transistor can be
reduced by shrinking the size of the drift region (well region
104). In embodiments, the gap distance between the (emitter)
contact region 122 and the (collector) contact region 106 can
be optimized for avoiding the lateral punch through effect for
the bipolar junction transistor, and the concept can be applied
to HV devices.

In embodiments, the bipolar junction transistor can be
manufactured by using the standard HV process, and thus
additional process, masks, or setting new recipes are not need.

FIG. 3A illustrates a top view of the bipolar junction tran-
sistor according to one embodiment. FIG. 3B is a cross-
section view of the bipolar junction transistor along the BB
line. FIG. 3C is the cross-section view of the bipolar junction
transistor along CC line
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The bipolar junction transistor in FIGS. 3A to 3B is differ-
ent form bipolar junction transistor in FIGS. 1A to 1B in that
the contact regions 222 A, 222B of the third doped region 220
are formed in the well regions 114, 116 of the second doped
region 110. The cross-section view in FIG. 3B is different
form the cross-section view in FIG. 3C in that, FIG. 3C omits
the well regions 114, 116 of the second doped region 110 and
the contactregions 222 A, 222B of'the third doped region 220.
The well regions 114, 116 of the second doped region 110 and
the contact regions 222 A, 222B of the third doped region 220
are not limited to the rectangle arrangement as shown in FIG.
3A, and may be designed as square, hexagonal, octagonal,
circle shapes, or other kinds of shapes.

FIG. 4A to FIG. 4C respectively illustrate the bipolar junc-
tion transistor of FIG. 3A to FIG. 3C after diffusing the well
regions 112, 114, 116 of the second doped region 110. The
step of diftfusing the well regions 112, 114, 116 is for forming
connecting regions 132 of the second doped region 110. The
connecting regions 132 are adjoined between the well regions
112, 114, 116, and have the second type conductivity. The
lower surfaces of the well regions 112, 114, 116 are the under
lower surfaces of the connecting regions 132. The well
regions 112,114, 116 of the second doped region 110 may be
diffused by a method comprising an annealing step. The
annealing step may be performed at suitable timing. For
example, the annealing step may be performed before form-
ing the contact regions 222 A, 222B of the third doped region
220.

Referring to FIG. 4B and FIG. 4C, in one embodiment, for
example, the first doped region 102 of the bipolar junction
transistor may be electrically connected to the collector volt-
age 134 through the contact region 106. The second doped
region 110 may be electrically connected to the base voltage
136 through the contact region 118. The third doped region
220 may be electrically connected to a emitter voltage 138
through the contact regions 222A, 222B. In other words, the
first doped region 102 comprising the well region 104 and the
contact region 106 having the first type conductivity such as
N-type conductivity is functioned as the collector. The second
doped region 110 comprising the well regions 112, 114, 116,
the connecting regions 132 and the contact region 118 having
the second type conductivity such as P-type conductivity is
functioned as the base. The third doped region 220 compris-
ing the contact regions 222A, 222B having the first type
conductivity such as N-type conductivity is functioned as the
emitter. The conductive structure 130 may be electrically
connected to the structure voltage. In one embodiment, the
structure voltage is coupled to the base voltage 136.

In embodiments, the well regions 112, 114, 116 after being
diffused and the connecting regions 132 formed by the diffu-
sion have the dopant concentration lower than the dopant
concentration of the well regions 112, 114, 116 before being
diffused, and it can improve the Beta [ of the bipolar junction
transistor. In addition, the formed connecting regions 132 can
have tiny features such as a shallow depth or a narrow width,
and it can increase the base resistance and improve the Beta f3.
Thus, in other words, in embodiments, the connecting regions
132 may be adjusting for controlling the Beta 5 of the bipolar
junction transistor, by adjusting the conditions of the well
regions 112,114,116 ofthe second doped region 110, such as
adjusting the gap size between the well regions 112,114,116,
or adjusting the process (such as the annealing process)
parameters for diffusing the well regions 112, 114, 116.

FIG. 5A to FIG. 5C respectively illustrate the bipolar junc-
tion transistor of FIG. 3A to FIG. 3C after diffusing the well
regions 112,114, 116 of the second doped region 110 and the
contact regions 222A, 222B of the third doped region 220.
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The step of diffusing the well regions 112, 114, 116 is for
forming connecting regions 132 of the second doped region
110. The connecting regions 132 are adjoined between the
well regions 112, 114, 116, and have the second type conduc-
tivity. The lower surfaces of the well regions 112,114,116 are
under the lower surfaces of the connecting regions 132. The
step of diffusing the contact regions 222A, 2228 is for form-
ing the connecting region 240 of the third doped region 220.
The connecting region 240 is adjoined between the contact
regions 222 A, 222B, and has the first type conductivity. The
connecting region 240 of the third doped region 220 is on the
connecting region 132 of the second doped region 110. The
well regions 112, 114, 116 of the second doped region 110
and the contact regions 222 A, 222B of'the third doped region
220 may be diffused by a method comprising an annealing
step. The annealing step may be performed at suitable timing.
For example, the annealing step may be performed after form-
ing the contact regions 222 A, 222B of the third doped region
220.

Referring to FIG. 5B and FIG. 5C, the first doped region
102 of the bipolar junction transistor may be electrically
connected to the collector voltage 134 through the contact
region 106. The second doped region 110 may be electrically
connected to the base voltage 136 through the contact region
118. The third doped region 220 may be electrically con-
nected to the emitter voltage 138 through the contact regions
222A, 222B. In other words, the first doped region 102 com-
prising the well region 104 and the contact region 106 having
the first type conductivity such as N-type conductivity is
functioned as the collector. The second doped region 110
comprising the well regions 112, 114, 116, the connecting
regions 132 and the contact region 118 having the second type
conductivity such as P-type conductivity is functioned as the
base. The third doped region 220 comprising the contact
regions 222A, 222B having the first type conductivity such as
N-type conductivity is functioned as the emitter. The third
doped region 220 comprising the contact regions 222A, 222B
having the first type conductivity such as N-type conductivity
is functioned as the emitter. The conductive structure 130 may
be electrically connected to the structure voltage. In one
embodiment, the structure voltage is coupled to the base
voltage 136.

In embodiments, the well regions 112, 114, 116 after being
diffused and the connecting regions 132 formed by the diffu-
sion have the dopant concentration lower than the dopant
concentration of the well regions 112, 114, 116 before being
diffused, and it can improve the Beta {3 of the bipolar junction
transistor. In addition, the formed connecting regions 132 can
have tiny features such as a shallow depth or a narrow width,
and it can increase the base resistance and improve the Beta f3.
Thus, in other words, in embodiments, the connecting regions
132 may be adjusting for controlling the Beta 5 of the bipolar
junction transistor, by adjusting the conditions of the well
regions 112,114,116 of the second doped region 110, such as
adjusting the gap size between the well regions 112, 114,116,
or adjusting the process (such as the annealing process)
parameters for diffusing the well regions 112, 114, 116.

FIG. 6A illustrates a cross-section view of the bipolar
junction transistor according to one embodiment. Gate struc-
tures 142 are disposed on the well region 104 of the first doped
region 102 between the well regions 112, 114, 116. The gate
structure 142 comprises a gate dielectric layer and a gate
electrode layer on the gate dielectric layer. The gate dielectric
layer may comprise an oxide, a nitride, such as silicon oxide,
silicon nitride, silicon oxynitride, or other suitable materials.
The gate electrode layer may comprise polysilicon, a metal, a
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metal silicide, or other suitable materials. The polysilion may
be formed by a single poly process or a double poly process.

FIG. 6B illustrates an operating method for the bipolar
junction transistor in FIG. 6A. A gate voltage is provided to
the gate structures 142 to form connecting regions 232 having
the second type conductivity such as P-type conductivity in
the well region 104 of the first doped region 102 having the
first type conductivity such as N-type conductivity under the
gate structures 142. The connecting regions 232 are adjoined
between the well regions 112, 114, 116. In one embodiment,
the gate voltage is coupled to the base voltage 136. In addi-
tion, the first doped region 102 may be electrically connected
to the collector voltage 134 through the contact region 106.
The second doped region 110 may be electrically connected
to the base voltage 136 through the contact region 118. The
third doped region 220 may be electrically connected to the
emitter voltage 138 through the contact regions 222A, 222B.
In other words, the first doped region 102 comprising the well
region 104 and the contact region 106 having the first type
conductivity such as N-type conductivity is functioned as the
collector. The second doped region 110 comprising the well
regions 112, 114, 116, the connecting regions 232 and the
contact region 118 having the second type conductivity such
as P-type conductivity is functioned as the base. The third
doped region 220 comprising the contact regions 222A, 222B
having the first type conductivity such as N-type conductivity
is functioned as the emitter. The third doped region 220 com-
prising the contact regions 222A, 222B having the first type
conductivity such as N-type conductivity is functioned as the
emitter. The conductive structure 130 may be electrically
connected to the structure voltage. In one embodiment, the
structure voltage is coupled to the base voltage 136.

In embodiments, the profile and the carrier concentration
of the connecting regions 232 formed in the well region 104
may be controlled for the desired devices characteristics, by
adjusting the gate voltage providing to the gate structures 142.
For example, the connecting regions 232 may be controlled to
have low carrier concentration so as to improve the Beta f§ of
the bipolar junction transistor. In addition, the connecting
regions 232 can be controlled to have fine features easily to
improve the Beta 3 of the bipolar junction transistor.

FIG. 7 and FIG. 8 are electrical curves of the bipolar
junction transistor in embodiments. From FIG. 7, it is found
that the Beta [ of the bipolar junction transistor reaches to
about3900. From FIG. 8, it is found that the Early effect of the
bipolar junction transistor is not serious.

In the described embodiments, the first type conductivity is
N-type conductivity and the second type conductivity is
P-type conductivity. However, the present disclosure is not
limited thereto. In other embodiments, the first type conduc-
tivity may be P-type conductivity, and the second type con-
ductivity may be N-type conductivity.

While the invention has been described by way of example
and in terms of preferred embodiments, it is to be understood
that the invention is not limited thereto. On the contrary, it is
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What is claimed is:

1. A bipolar junction transistor, comprising:

a first doped region having a first type conductivity;

a second doped region comprising well regions formed in
the first doped region, having a second type conductivity
opposite to the first type conductivity, and separated
from each other by the first doped region;
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a third doped region having the first type conductivity,
formed in the well regions or in the first doped region
between the well regions;

a dielectric structure on the first doped region;

a conductive structure on the dielectric structure, wherein
the conductive structure comprises poly silicon;

a plurality of first top doped layers having the second type
conductivity and on the first doped region; and

a plurality of second top doped layers having the first type
conductivity and on the first top doped layer, wherein the
second top doped layers are separated by the first doped
region.

2. The bipolar junction transistor according to claim 1,
wherein the second doped region further comprises a con-
necting region adjoined between the well regions and having
the second type conductivity, lower surfaces of the well
regions is under a lower surface of the connecting region.

3. The bipolar junction transistor according to claim 2,
wherein the third doped region comprises a contact region
having the first type conductivity and between the well
regions and the connecting region, the contact region is on the
connecting region.

4. The bipolar junction transistor according to claim 1,
wherein the third doped region comprises a contact region
having the first type conductivity and formed in the second
doped region.

5. The bipolar junction transistor according to claim 1,
wherein the first doped region is electrically connected to a
collector voltage, the second doped region is electrically con-
nected to a base voltage, the third doped region is electrically
connected to an emitter voltage.

6. The bipolar junction transistor according to claim 1,
wherein each of the second doped region and the third doped
region has a contact region, the contact region of the second
doped region has the second type conductivity, the contact
region of the third doped region has the first type conductivity,
the contact region of the second doped region and the contact
region of the third doped region are respectively formed in the
well regions separated from each other.

7. The bipolar junction transistor according to claim 1,
further comprising a gate structure on the first doped region
between the well regions.

8. The bipolar junction transistor according to claim 1,

wherein each of the first doped region and the second
doped region comprises a contact region, the contact
region of the first doped region has the first type conduc-
tivity, the contact region of the second doped region has
the second type conductivity, each of the first top doped
layers is between the contact region of the first doped
region and the contact region of the second doped
region.

9. An operating method for a bipolar junction transistor,
wherein the bipolar junction transistor comprises:

a first doped region having a first type conductivity;

a second doped region comprising well regions formed in
the first doped region, wherein the well regions have a
second type conductivity opposite to the first type con-
ductivity, the well regions are separated from each other
by the first doped region; and

a third doped region having the first type conductivity,
wherein the third doped region is formed in the well
regions or in the first doped region between the well
regions a dielectric structure on the first doped region;

a conductive structure on the dielectric structure, wherein
the conductive structure comprises poly silicon;

a plurality of first top doped layers having the second type
conductivity and on the first doped region; and
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a plurality of second top doped layers having the first type
conductivity and on the first top doped layer, wherein the
second top doped layers are separated by the first doped
region,

the operating method comprises:

providing a collector voltage to the first doped region;

providing a base voltage to the second doped region; and

providing an emitter voltage to the third doped region.

10. The operating method for the bipolar junction transistor
according to claim 9, wherein the second doped region further
comprises a connecting region adjoined between the well
regions and having the second type conductivity, lower sur-
faces of the well regions are under a lower surface of the
connecting region.

11. The operating method for the bipolar junction transistor
according to claim 10, wherein the third doped region com-
prises a contact region having the first type conductivity and
between the well regions and the connecting region, the con-
tact region is on the connecting region.

12. The operating method for the bipolar junction transistor
according to claim 9, wherein the bipolar junction transistor
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further comprises a gate structure on the first doped region
between the well regions, the operating method further com-
prises providing a gate voltage to the gate structure for form-
ing a connecting region in the first doped region under the gate
structure.

13. The operating method for the bipolar junction transistor
according to claim 12, wherein the connecting region has the
second type conductivity and adjoined between the well
regions.

14. The operating method for the bipolar junction transistor
according to claim 12, wherein the gate voltage is coupled to
the base voltage.

15. The operating method for the bipolar junction transistor
according to claim 9,

further comprising providing a structure voltage to the

conductive structure.

16. The operating method for the bipolar junction transistor
according to claim 15, wherein the structure voltage is
coupled to the base voltage.
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